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(57) ABSTRACT

A method for measuring a film thickness of an SOI layer of an
SOI wafer including at least an 1nsulator layer and the SOI
layer which 1s formed on the insulator layer and 1s formed of
a silicon single crystal, wherein a surface of the SOI layer 1s
irradiated with an electron beam, characteristic X-rays are
detected from a side of the SOI layer surface 1rradiated with
the electron beam, the characteristic X-rays being generated
by exciting a specific element 1n the msulator layer with the
clectron beam that has passed through the SOI layer and has
been attenuated 1n the SOI layer, and the film thickness of the
SOI layer 1s calculated on the basis of an intensity of the
detected characteristic X-rays.

5> Claims, 1 Drawing Sheet
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METHOD FOR MEASURING FILM
THICKNESS OF SOI LAYER OF SOI WAFER

TECHNICAL FIELD

The present invention relates to a method for measuring a
f1lm thickness of an SOI layer of an SOI water, the method
that measures the film thickness of the SOI layer of the SOI

waler with high spatial resolution, the SOI wafer used for
fabrication of a semiconductor device.

BACKGROUND ART

In recent years, as design rules have become finer, the film
thickness distribution of SOI layer of an SOI wafer used for
tabrication of an SOI device, 1n particular, fabrication of an
FD-SOI (Fully Depleted SOI) device has had an influence on
a device fabrication process and, consequently, the transistor
characteristics. In an integrated circuit, 1t 1s important to make
the characteristics of the transistors forming the circuit uni-
form.

Theretfore, 1n an FD-SOI device, 1t 1s important to measure
the 11lm thickness of an SOI layer of an SOI water accurately.
While the devices have become finer and transistors having a
s1ze ol several dozen nanometers are produced, as measure-
ment of the film thickness of an SOI layer of an SOI wafer,
cach point measurement of film thickness by spectroscopic
cllipsometry, retlection spectroscopy, or the like 1s generally
performed, but, due to the intfluence of the wavelength of light
used for measurement, spatial resolution has limitations to
measure up to about hundreds of nanometers.

To evaluate the influence of the film thickness of an SOI
layer on the SOI device characteristics adequately, it 1s nec-
essary to measure the film thickness of an SOI layer with a
spatial resolution of a few nanometers which 1s smaller than
or equal to the channel size of a transistor.

Now, as an existing method for measuring the film thick-
ness of a thin film, in Patent Document 1, for example, mea-
suring the film thickness by irradiating a two-layer film with
X-rays and measuring the characteristic X-rays generated
from each film 1s described.

Patent Document 2 describes that, as a method for measur-
ing the thickness of a thin film 1n a structure with a substrate
on which a thin film 1s formed, a method of measurement
using fluorescent X-rays 1s known. Furthermore, Patent
Document 2 describes that the intensity of first fluorescent
X-rays generated from the thin film and the intensity of sec-
ond fluorescent X-rays generated from the substrate and
attenuated as a result of passing through the thin film are
measured at the same time.

Patent Document 3 describes that, as an explanation of a
fluorescent X-ray film thickness analyzer, a thin film on a base
substrate (a standard sample substrate) 1s 1irradiated with pri-
mary X-rays and the fluorescent X-rays generated from the
thin film and the base substrate are detected, whereby i1t 1s
possible to find out the composition and the film thickness of

the thin film.
Patent Document 1: Japanese Unexamined Patent Publica-

tion (Koka1) No. HO05-45147
Patent Document 2: Japanese Unexamined Patent Publica-

tion (Koka1) No. 2002-213935
Patent Document 3: Japanese Unexamined Patent Publica-

tion (Koka1) No. H10-221047

SUMMARY OF INVENTION
Technical Problem

However, since the thin film 1s 1rradiated with X-rays in the
existing techniques described 1n Patent Documents 1, 2, and
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3, 1t 1s difficult to perform accurate measurement of film
thickness because both efiects of attenuation of the emitted
X-rays themselves and attenuation of the generated fluores-
cent X-rays overlap. Moreover, 1n cases where, for example,
the film thickness of a thin film 1s extremely small as 1n an SOI
layer of an SOI wafer used for fabrication of an FD-SOI
device, the fluorescent X-rays generated from a base are not
adequately attenuated even after passing through the thin
film, making it impossible to perform accurate conversion
into a film thickness. Furthermore, 1n the present X-ray opti-
cal system, the irradiation diameter of X-rays can be reduced
only to about 10 um, which makes it impossible to obtain a
spatial resolution of a target microscopic area ranging from a
few nanometers to hundreds of nanometers.

In addition, 1n spectroscopic ellipsometry or reflection
spectroscopy which 1s a common method for measuring the
film thickness of an SOI layer, as described above, spatial
resolution has undesirably limitations to measure up to about
hundreds of nanometers which 1s the wavelength of light.

The present invention was accomplished i view of the
alorementioned circumstances, and 1ts object 1s to provide a
method for measuring the film thickness of an SOI layer of an
SOI wafer, the method that can measure the film thickness of

an SOI layer of an SOI wafer accurately with high spatial
resolution 1n a microscopic area 1n the SOI layer even when

the film thickness of the SOI layer of the SOI wafer 1s small.

Solution to Problem

To attain the above-described object, the present invention
provides a method for measuring a film thickness of an SOI
layer of an SOI water including at least an insulator layer and
the SOI layer which 1s formed on the insulator layer and 1s
tormed of a silicon single crystal, wherein a surface of the SOI
layer 1s irradiated with an electron beam, characteristic
X-rays are detected from a side of the SOI layer surface
irradiated with the electron beam, characteristic X-rays being
generated by exciting a specific element 1n the insulator layer
with the electron beam that has passed through the SOI layer
and has been attenuated 1n the SOI layer, and the film thick-
ness of the SOI layer 1s calculated on the basis of an intensity
of the detected characteristic X-rays.

With such a method, since measurement 1s performed by
irradiating the surface of an SOI layer with an electron beam,
the emitted electron beam can be attenuated reliably when the
clectron beam 1s made to pass through the SOI layer. Further-
more, since characteristic X-rays generated as a result of a
specific element in the insulator layer being excited are hardly
attenuated 1n a thin SOl layer, 1t 1s possible to measure the film
thickness of the SOI layer accurately by using the character-
1stic X-rays.

Moreover, since the electron beam has a short wavelength,
1s less aflected by refraction, and has high light harvesting, 1t
1s possible to irradiate an extremely microscopic area with the
clectron beam and thereby measure the film thickness of the
SOI layer with high spatial resolution.

In addition, since the film thickness of the SOI layer 1s
measured by generating characteristic X-rays by exciting, by
the electron beam, a specific element 1n the insulator layer
formed immediately below the SOI layer, 1t 1s possible to
measure with ease and efficiency.

Moreover, at this time, the 1nsulator layer 1s a silicon oxide
f1lm, and the SOI water 1s made up of a base water formed of
a silicon single crystal, the silicon oxide film formed on the
base waler, and the SOI layer formed on the silicon oxide

film.
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In measurement of the film thickness of an SOI layer of
such an SOI wafer with a common structure, the present
invention 1s especially effective.

Furthermore, at this time, 1t 1s preferable that the specific
clement 1s an oxygen atom 1n the silicon oxide film.

In the method, since a large amount of oxygen atom 1s
contained 1n the silicon oxide film, there 1s no need to prepare
another specific element, making 1t possible to measure the
f1lm thickness of the SOI layer more efliciently.

Moreover, at this time, the film thickness of the SOI layer
may be set at 200 nm or less.

As described above, 1n the present invention, even with a
thin SOI layer with a film thickness of 200 nm or less, by
irradiating the surface thereof with an electron beam, the
clectron beam 1s attenuated adequately when the electron
beam passes through the SOI layer, making it possible to
measure the film thickness of the SOI layer accurately.

Furthermore, at this time, a beam diameter of the electron
beam with which the surface of the SOI layer 1s irradiated
may be set at 400 nm or less.

In the method, 1t 1s possible to set an area 1n which the film
thickness of an SOI layer 1s to be measured at a microscopic
area with a diameter of 400 nm or less and thereby measure
the film thickness of an SOI layer accurately with higher
spatial resolution.

Moreover, at this time, the film thickness of the SOI layer
1s measured by a scanning electron microscope, and the elec-
tron beam to be emitted 1s an electron beam of the scanning,
clectron microscope.

As described above, the method of measurement of the
present invention can be performed by using the scanning
clectron microscope and there 1s no need to build another
device, making it possible to measure the film thickness of the
SOI layer efficiently at lower cost.

Advantageous Effects of Invention

As described above, according to the present mvention,
since measurement 1s performed by 1rradiating the surface of
an SOI layer with an electron beam, 1t 1s possible to measure
the f1lm thickness of the SOI layer accurately and irradiate an
extremely microscopic area with the electron beam, which
makes 1t possible to measure the film thickness of the SOI
layer with high spatial resolution. As a result, 1t 1s possible to
evaluate the influence of a film thickness of an SOI layer on
device characteristics adequately.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing the relationship between the
characteristic X-ray intensity ratio I and the film thickness D
of an SOI layer in Example.

DESCRIPTION OF EMBODIMENTS

The mventor researched 1n a method for accurate measur-
ing the film thickness of an extremely thin SOI layer, such as
an SOI layer of an SOI water used for fabrication of an
FD-SOI device, with high spatial resolution. And the inventor
of the present invention has thought that, 11 an SOI layer of an
SOI wafer 1s irradiated with an electron beam, since the
clectron beam 1s adequately attenuated according to the film
thickness of the SOI layer when passing through the SOl layer
and reaches a base, conversion into the film thickness of the
SOI layer can be performed by measuring the intensity of
characteristic X-rays (fluorescent X-rays) generated from the
base.
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That 1s, while the electron beam 1s adequately attenuated 1n
proportion to the film thickness of the SOI layer when passing
through the SOI layer even when the SOI layer 1s extremely
thin, attenuation of the characteristic X-rays generated from
the base when the characteristic X-rays pass through the SOI
layer 1s incomparably small. In addition to this, with the
clectron beam, 1t 1s possible to reduce the beam diameter to
about a few nanometers. Therefore, the inventor of the present
invention has thought that, by using these properties, 1t 1s
possible to measure the film thickness of an extremely thin
SOI layer accurately with high spatial resolution and com-
pleted the present invention.

Hereinaftter, as an example of an embodiment of the present
invention; a method for measuring the film thickness of an
SOI layer of an SOI water, the method using a scanning
clectron microscope (SEM: Scanning Flectron Microscope),
will be described 1n detail. However the present invention 1s
not limited thereto.

Here, the SEM 1s first described briefly. The SEM obtains

information of an object by irradiating part of the object with
an electron beam emitted from a probe and thereby detecting
a secondary electron, a reflection electron, a transmission
clectron, X-rays, cathode luminescence (fluorescence), an
internal electromotive force, and so forth emitted from the
object, constructs an 1image of the object based on each infor-
mation thus obtained by making the electron beam scan the
whole of the object, and displays the image.

The commonly-used SEM has the function of analyzing
the component elements of a microscopic object to be
observed by energy dispersive X-ray spectrometry (EDX:
Energy Dispersive X-ray Spectrometry) (a scanning electron
microscope with this function 1s sometimes called a SEM-
EDX).

EDX 1s a method for performing elemental analysis or
composition analysis by detecting characteristic X-rays that
are generated by 1rradiation with an electron beam and dis-
persing the characteristic X-rays depending on energy.

By using this SEM-EDX, several kinds of SOI waters
having SOI layers with known their film thicknesses are first
prepared, the surfaces of these SOI layers are 1rradiated with
an electron beam by a probe, and the intensity of character-
1stic X-rays emitted as a result of the electron beam passing
through each SOI layer, reaching an insulator film (for
example, a silicon oxide film or the like), and exciting a
specific element (for example, oxygen or the like) 1n the
insulator film 1s measured from the surface side irradiated
with the electron beam. In this way, the characteristic X-ray
intensities of the SOI waters having the SOI layers with
diverse film thicknesses are measured, and the relationship
between the film thickness of the SOI layer and the charac-
teristic X-ray intensity 1s obtained in advance.

Here, for example, the characteristic X-ray intensity Io
from an oxygen atom has a relation indicated in the expres-
sion (1) with the film thickness D (nm) of the SOI layer and
the electron beam penetration length L (nm). The value of L
1s obtained from the acceleration voltage of the electron beam
set at this time, the values of D are calculated from the mea-

sured values of o, and an approximate line of Io and D 1s
obtained from these data.

lo=A4-exp(-1¥L) (where A 1s a constant) Expression (1):

In so doing, assuming that the intensity of an electron beam
to be emitted slightly varies between each measurement, for
the purpose of correcting the variation, in addition to the
characteristic X-ray intensity of a specific element, the char-
acteristic X-ray intensity from another specific element (for
example, silicon or the like) near a position 1n which mea-
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surement 1s to be performed and 1n a portion with an SOI layer
f1lm thickness of a predetermined constant value 1s also mea-
sured as a reference, and the characteristic X-ray intensity
rat10 1s determined from these two characteristic X-ray inten-
sities, which makes 1t also possible to obtain the relationship
between the characteristic X-ray intensity ratio and the film
thickness of the SOI layer. When the intensity of the electron
beam 1s extremely stable, the relationship between the char-
acteristic X-ray intensity of a specific element and the film
thickness of the SOI layer can be obtained directly.

When the characteristic X-ray intensity ratio 1s used, in
expression (1) above, the characteristic X-ray intensity Io 1s
equal to the characteristic X-ray intensity ratio I (Io=I).

Incidentally, in addition to preparing several kinds of SOI
walers with known film thicknesses and performing measure-
ment as described above, the relationship between the film
thickness of the SOI layer and the characteristic X-ray inten-
sity (rat10) may be obtained by preparing one SOI watfer with
a known {ilm thickness, the SOI waler having a defect or the
like (a defect with fluctuations of the film thickness) caused
by tluctuations of the SOI layer film thickness, the SOI water
with an SOI layer whose film thickness varies greatly, and
determining the characteristic X-ray intensities (ratios) in
positions in which measurement 1s to be performed, the posi-
tions with different known film thicknesses, on the surface of
the SOI layer of the SOI water.

Then, 1n the manner similar to the above-described mea-
surement procedure, the characteristic X-ray intensity of a
specific element, the characteristic X-ray imtensity obtained
by 1rradiating, with an electron beam, an SOI layer to be
measured of an SOI water with an SOI layer whose film
thickness 1s unknown 1s measured, and the unknown film
thickness of the SOI layer 1s calculated on the basis of the
above-described relationship obtained in advance. In so
doing, the film thickness of the SOI layer may be calculated
by determining the characteristic X-ray intensity ratio in the
manner similar to the above-described method.

At this time, as an SOI layer to be measured of an SOI
waler, the present mvention 1s especially el

ective for a thin
SOI layer with a film thickness of 200 nm or less.

Since, unlike photons, electrons forming the electron beam
used 1n the method of measurement of the present invention
have electric charges, the interaction of the electrons with
other substances 1s strong.

As a result, 1t 1s possible to measure accurately the film
thickness of such an SOI layer with a small film thickness
because the electron beam 1s reliably attenuated when passing,
through the SOI layer, reaches a specific element of an 1nsu-
lator layer, and generates characteristic X-rays having an
intensity according to the intensity of the electron beam that
has reached the specific element of the insulator layer.

Moreover, since an electron beam having high light con-
densing property 1s used 1n the method of measurement of the
present invention, 1t 1s possible to set the beam diameter of the
clectron beam with which the surface of an SOI layer 1s
irradiated at 400 nm or less, preferably at 100 nm or less, and
more preferably at 50 nm or less. This makes 1t possible to
achieve an extremely microscopic SOI layer film thickness
measurement area and measure the film thickness of the SOI
layer with hugh spatial resolution. A lower limit of the beam
diameter 1s not limited to a particular value; 1t 1s quite possible
to reduce the lower limit actually to about 1 nm and, theoreti-
cally, 1t 1s also possible to reduce the lower limit to 0.1 nm or
less.

In general, an SOI water made up of a base water formed of
a silicon single crystal, a silicon oxide film formed on the base
wafler, and an SOI layer formed of a silicon single crystal, the

10

15

20

25

30

35

40

45

50

55

60

65

6

SOI layer formed on the silicon oxide film, has been widely
used. Therefore, adopting an oxygen atom 1n the silicon oxide
f1lm as the specific element described above 1s more eflicient.

Moreover, for example, when measurement 1s performed
by using an SOI wafer having, as an insulator layer, an oxide
f1lm obtained by thermally oxidizing a silicon single crystal
waler containing a high concentration of boron or measure-
ment 1s performed by using an SOI waler using a silicon
nitride film as an insulator layer, boron or nitrogen in the
insulator layer can also be used as a specific element.

Here, 1t 1s assumed that the accelerating energy of an elec-
tron beam to be emitted 1s greater than the binding energy of
a K core electron of each specific element. For example, when
the specific element 1s oxygen, boron, or nitrogen, the accel-
crating energy of an electron beam to be emitted 1s 532 eV or
more, 188 €V or more, or 399 eV or more respectively.

The smaller the accelerating energy, the shorter the elec-
tron beam penetration length and therefore the higher the film
thickness measurement sensitivity. Thus, to raise the preci-
sion of measurement of film thickness, it 1s preferable to set
the accelerating energy of an electron beam to be emitted at
the lowest possible value which 1s greater than the binding
energy of the K shell electron, but, if the accelerating energy
1s too low, the electron beam may not reach the insulator layer
to a satisfactory extent. Therefore, 1t 1s necessary to set the
accelerating energy as appropriate with consideration given
to the film thickness of an SOI layer to be measured.

In the method of measurement of the present invention,
betore an SOI layer 1s irradiated with an electron beam, 1t 1s
preferable to remove a native oxide film on the surface of the
SOI layer, the native oxide film which causes an error of
measurement. Moreover, even when the native oxide film 1s
not removed, 1t 1s also possible to eliminate the error caused
by the surface native oxide film by measuring the character-
1stic X-rays of a specific element (oxygen) from the surface
native oxide film by using a mirror-polished water subjected
to the same treatment (such as RCA cleaning) as that per-
formed on an SOI wafer to be measured and subtracting the
value of the characteristic X-ray intensity from the value of
the measurement result.

Moreover, since the present mvention 1s a method for
detecting the characteristic X-rays generated from a base
alter making an electron beam pass through an SOI layer to be
measured, the spatial resolution of SOI layer film thickness
measurement 1s determined by the beam diameter observed
when an electron beam emaitted after the diameter of the beam
was reduced passes through a thin SOI layer. Therefore, even
when the beam that has entered the base after pas smg through
the SOI layer excites characteristic X-rays in a state 1n which
the beam diameter spreads 1n the base, since the spread does
not aifect the spatlal resolution of SOI layer film thickness
measurement, 1t 1s possible to maintain high spatial resolu-
tion.

EXAMPL

L1

Hereinafiter, the present mvention will be described more
specifically with an example and comparative examples, but
the present invention 1s not limited to these examples.

Example

First, an SOI waler produced by the ion implantation
delamination method and made up of a base wafer formed of
a silicon single crystal, a silicon oxide film formed on the base
wafler, and an SOI layer formed on the silicon oxide film, the
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SOI waler having a defect caused by fluctuations of the SOI
layer film thickness, was prepared.

Then, four spots (positions 1n which measurement 1s to be
performed) on the surface of the SOI layer, the spots whose
film thicknesses measured by spectroscopic ellipsometry
were 30, 70, 120, and 200 nm, were 1rradiated with an elec-

tron beam (a beam diameter 30 nm, an acceleration voltage 3
kV) by using a SEM-EDX (SEM Vision G3 manufactured by
Applied Materials, Inc.), and the characteristic X-ray inten-
sity Io generated as a result of the electron beam having
passed through the SOI layer, reached the silicon oxide film,
and excited an oxygen atom 1n the silicon oxide film was
measured from the side of the SOI layer surface irradiated
with the electron beam. Incidentally, the native oxide film on
the SOI layer surface before being irradiated with the electron
beam was removed by hydrofluorination.

In so doing, the characteristic X-ray intensity Is from a
s1licon atom near each position in which measurement was to
be performed and 1n a portion with an SOI layer film thickness
of 70 nm was also measured as a reference, and the charac-
teristic X-ray intensity ratio I (=lo/Is) was determined.

When the acceleration voltage of the electron beam was set
at 5 kV, since the electron beam penetration length L. was
about 130 nm, 1/L was 0.0077. This value was substituted
into the expression (1) above, and the measurement result of
the characteristic X-ray intensity ratio was substituted 1nto
the expression thus obtained to obtain the film thickness of the
SOl layer. When an approximate line was obtained from these
measurement result and calculation result, expression (2) was
obtained. The results thus obtained are listed 1n Table 1 below

and depicted in FIG. 1.

[=0.66exp(-0.00771)) Expression (2):

Next, an SOI water produced by the 1on implantation
delamination method and made up of a base water formed of
a silicon single crystal, a silicon oxide film formed on the base
wafler, and an SOI layer formed on the silicon oxide film, the
SOI layer whose film thickness was unknown, was prepared.
And the SOI water had a detect caused by fluctuations of the
film thickness.

Then, three positions on the SOI layer surface in which
measurement was to be performed and a defect with fluctua-
tions of the film thickness was present were set at intervals of
10 um, the positions were irradiated with an electron beam by
using a SEM-EDX, and the characteristic X-ray intensity Io
generated as a result of the electron beam having passed
through the SOI layer, reached the silicon oxide film, and
excited an oxygen atom 1n the silicon oxide film was mea-
sured from the side of the SOI layer surface irradiated with the
clectron beam. The native oxide film on the SOI layer surface
betfore being irradiated with the electron beam was removed
by hydrofluorination.

In so doing, the characteristic X-ray intensity Is from a
s1licon atom near each position in which measurement was to
be performed and 1n a portion with an SOI layer film thickness
of 70 nm was also measured as a reference, and the charac-
teristic X-ray intensity ratio I (=lo/Is) was determined. Then,
this value was substituted into the expression (2) above to
obtain the film thickness D of the SOI layer. The results are
listed 1 Table 2 below.

As 15 clear from the results listed 1n Table 2, according to
the present invention, since an electron beam 1s used, even
when the film thickness of an SOI layer 1s small, 1t 1s possible
to measure accurately the film thickness of an extremely
microscopic area of the SOI layer and evaluate film thickness
variations with precision. Moreover, by increasing the num-
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ber of measurement points, 1t 1s also possible to create a film
thickness map of the SOI layer.

Comparative Example 1

Measurement of the film thickness of an SOI layer was
performed on an area including three points measured in
Example, the three points of an SOI waler having a defect
with tluctuations of the film thickness, by using a film thick-
ness measuring device (ASE'T-F5x manufactured by KLA-
Tencor) using spectroscopic ellipsometry. As a result, the
result was that the film thickness measured was 70 nm.

However, since the measuring beam with a diameter of
about 30 um was used 1n this measurement, the measurement
value merely indicated an average film thickness 1n an area

with a diameter of about 30 um, and 1t was impossible to
measure the film thickness of a more microscopic area.

Comparative Example 2

Measurement of the film thickness of an SOI layer was
performed on an area including three points measured in
Example, the three points of an SOI wafer having a defect
with fluctuations of the film thickness 1n the same manner as
in Example except that a fluorescent X-ray film thickness
analyzer described in Patent Document 3 was used. As a
result, the emitted X-rays were hardly attenuated in the SOI
layer, making 1t impossible to obtain an accurate measure-
ment result.

Moreover, even when the measurement result could be
obtained, since this measurement used X-rays with a beam
diameter of about 10 um, the measured value merely 1ndi-
cated an average film thickness 1n an area with a diameter of
about 10 um, and 1t 1s predicted that measurement of the film
thickness of a more microscopic area could not be performed.

TABLE 1
SOI film thickness:
D (nm)
30 70 120 200

Characteristic X-ray intensity of 5.1 3.8 2.3 1.2
O: Io (a.u.)
Characteristic X-ray intensity of 9.6 9.6 9.3 8
S1: Is (a.u.) Ref.
Characteristic X-ray intensity 0.531 0.396 0.247 0.150
ratio: I (=Io/Is)

TABLE 2

Measurement 1 Measurement 2 Measurement 3

4.2 3.8 3.4

Characteristic X-ray
intensity of O: Io (a.u.)
Characteristic X-ray
intensity of Si: Is (a.u.)
Ref.

Characteristic X-ray
intensity ratio:

I (=Io/Is)

SOI film thickness

(nm)

9.6 9.5 9.7

0.43% 0.400 0.351

33 65 82

Incidentally, 1n Example, 1n addition to the characteristic
X-ray intensity of an oxygen atom, the characteristic X-ray
intensity from a silicon atom was also measured as a refer-
ence, and the characteristic X-ray intensity ratio was deter-
mined from these two characteristic X-ray intensities. How-
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ever, when the intensity of an electron beam 1s extremely
stable, the relationship between the characteristic X-ray
intensity of an oxygen atom and the film thickness of an SOI
layer may be directly obtained.

Moreover, 1n addition to the method for performing mea-
surement by preparing an SOI waler having a defect or the
like caused by fluctuations of the film thickness of the SOI
layer, measurement may be performed by preparing several
kinds of SOI waters with known film thicknesses. Further-
more, when a large amount of boron, nitrogen, or the like 1s
contained 1n an 1mnsulator layer, these elements may be used as
a specific element.

The present invention 1s not limited to the embodiment
described above. The above-described aspects are mere
examples and those having substantially the same structure as
technical ideas described 1n the appended claims and provid-
ing the similar functions and advantages are included in the
scope of the present invention.

The mvention claimed 1s:
1. A method for measuring a film thickness of an SOI layer
of an SOI wafer including at least an 1nsulator layer and the
SOI layer which 1s formed on the insulator layer and 1s formed
ol a silicon single crystal, comprising
removing a native oxide film on the surface of the SOl layer
or eliminating an error caused by the native oxide film by
measuring characteristic X-rays of a specific element
from a surface native oxide film of a mirror-polished
waler subjected to a same treatment as that performed on
the SOI water, then
irradiating a surface of the SOI layer with an electron
beam, detecting characteristic X-rays from a side of the
SOI layer surface irradiated with the electron beam, the

10

characteristic X-rays being generated by exciting the
specific element 1n the insulator layer with the electron
beam that has passed through the SOI layer and has been
attenuated in the SOI layer, and calculating the film
5 thickness of the SOI layer on the basis of an intensity of
the detected characteristic X-rays,
wherein the 1msulator layer 1s a silicon oxide film, the SOI
waler 1s made up of a base watfer formed of a silicon
single crystal, the silicon oxide film formed on the base
waler, and the SOI layer formed on the silicon oxide
film, and the specific element 1s an oxygen atom in the
stlicon oxide film.
2. The method for measuring a film thickness of an SOI
layer of an SOI wafer according to claim 1, wherein
the film thickness of the SOI layer 1s set at 200 nm or less.
3. The method for measuring a film thickness of an SOI
layer of an SOI water according to claim 2, wherein
a beam diameter of the electron beam with which the
surface of the SOI layer 1s 1rradiated 1s set at 400 nm or
less.
4. The method for measuring a film thickness of an SOI
layer of an SOI water according to claim 1, wherein
a beam diameter of the electron beam with which the
surface of the SOI layer 1s 1rradiated 1s set at 400 nm or
less.
5. The method for measuring a film thickness of an SOI
layer of an SOI wafer according to claim 1, wherein,
the film thickness of the SOI layer 1s measured by a scan-
ning electron microscope, and the electron beam to be
emitted 1s an electron beam of the scanning electron
microscope.
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